Introduction
============

Renal cell carcinoma (RCC) is a malignant tumor that originates in the renal pituitary epithelial system and has the second highest incidence rate of genitourinary tumors ([@b1-ol-0-0-11094]). In the United States of America in 2018, RCC had the eighth highest incidence rate among adult tumors, with 65,340 new cases diagnosed ([@b1-ol-0-0-11094]). According to the American Cancer Society, RCC had the highest mortality rate with 14,240 mortalities in 2018 ([@b1-ol-0-0-11094]). Approximately one-third of patients with RCC had metastases prior to their first hospital visit, and exhibited a high recurrence rate and poor prognosis in the later stage of disease ([@b2-ol-0-0-11094]). Even with early detection and early radical resection, 20--40% of patients experience distant metastasis or recurrence ([@b3-ol-0-0-11094]). The 5-year overall survival (OS) time of patients with metastatic RCC (mRCC) is \<10% ([@b4-ol-0-0-11094]). RCC is not sensitive to traditional radiotherapy and chemotherapy, including cytotoxic chemotherapy, 5-fluorouracil- and floxuridin (FUDR)-based chemotherapy ([@b5-ol-0-0-11094]), and radical or partial nephrectomy is currently the primary method of treatment for RCC ([@b6-ol-0-0-11094]). Targeted therapy is the most effective treatment for mRCC ([@b7-ol-0-0-11094]).

Retrospective analysis revealed that, prior to 2005, high-dose interleukin 2 (IL-2) or interferon α (IFN-α) were the first-line drugs for the clinical management of RCC ([@b8-ol-0-0-11094]). Randomized phase III clinical trials demonstrated that temsirolimus, sunitinib and bevacizumab had clinical benefit compared with IFN-α for patients with RCC in terms of OS and progression free survival (PFS). Tesirolimus is a selective inhibitor of mammalian target of rapamycin (mTOR), a key component of the intracellular signaling transduction cascade that mediates cell proliferation and tumor angiogenesis. Tesirolimus synergistically binds to 12-kDa FK506-binding protein (FKBP-12) to form a complex that inhibits mTOR kinase activity. This inhibition impairs translation of key regulatory proteins in the cell cycle, ultimately leading to G1/S arrest ([@b9-ol-0-0-11094]). Sunitinib is an oral tyrosine kinase inhibitor (TKI), targeting vascular endothelial growth factor (VEGF) ([@b10-ol-0-0-11094]). This receptor tyrosine kinase plays a key role in the pathogenesis of clear-cell carcinoma, the predominant type of renal-cell carcinoma, through involvement of the von Hippel-Lindau (VHL) gene. VHL is inactivated by deletion, mutation or methylation in up to 80% of sporadic cases of clear-cell carcinoma ([@b11-ol-0-0-11094]). VHL is a tumor-suppressor gene that encodes a protein involved in the regulation of the production of VEGF and a number of other hypoxia-inducible proteins. Inactivation of the VHL gene upregulates the VEGF receptor (VEGFR), and the resulting persistent stimulation of which may promote tumor angiogenesis and growth and metastasis ([@b12-ol-0-0-11094]). Bevacizumab and sunitinib bind to circulating VEGF, which produces a significant prolongation of time to disease progression in patients with metastatic RCC ([@b13-ol-0-0-11094]). In addition to temsirolimus, sunitinib and bevacizumab, sorafenib, pazopanib, everolimus, axitinib, cabozantinib, lenvantinib, dovitinib and nivolumab have been used for clinical trials for the treatment of RCC over the past two decades ([@b14-ol-0-0-11094]--[@b44-ol-0-0-11094]). Sunitinib, sorafenib, pazopanib, axitinib, cabozantinib, lenvantinib and dovitinib are TKIs that inhibit a number of receptors, including platelet derived growth factor receptor, Fms-like tyrosine kinase-3, fibroblast growth factor receptor, stem-cell growth factor and VEGFR ([@b10-ol-0-0-11094],[@b21-ol-0-0-11094],[@b23-ol-0-0-11094],[@b24-ol-0-0-11094],[@b32-ol-0-0-11094],[@b45-ol-0-0-11094],[@b46-ol-0-0-11094]). Nivolumab is a humanized immunoglobulin monoclonal antibody that binds to programmed cell death 1 (PD-1) on activated immune cells and blocks binding of this receptor to its ligands PD-L1 and 2, thereby eliminating the inhibition of immunosuppressive signal and enhancing the host\'s anti-tumor response ([@b25-ol-0-0-11094]). The development of targeted molecular therapies against VEGFR, PD-1 and mTOR has made the selection of the optimal treatment for patients challenging. However, mechanistically, agents that target PD-L1 or PD-1 are forms of immunotherapy and are distinct from targeted therapies.

There is currently a lack of direct comparison of the drugs used to treat RCC in clinical trials. Network meta-analysis is a novel technique that combines direct and indirect evidence, and provides useful comparisons between the different therapies ([@b47-ol-0-0-11094]). Furthermore, the results of different interventions for the treatment of similar diseases may be aggregated and quantitatively analyzed synthesized. The outcomes of the interventions are subsequently ranked, allowing the selection of the optimal treatment ([@b48-ol-0-0-11094]). The aim of the present study was to evaluate and compare the effectiveness and safety of various targeted therapies for RCC using a network meta-analysis.

Materials and methods
=====================

### Inclusion and exclusion criteria

The present study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension statement for network meta-analyses ([@b49-ol-0-0-11094]). Prior to performing the network meta-analysis, a protocol was published on PROSPERO ([www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018086692](www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018086692)) ([@b50-ol-0-0-11094]). Randomized control trials investigating temsirolimus, sunitinib, bevacizumab, sorafenib, pazopanib, everolimus, axitinib, cabozantinib, lenvantinib, dovitinib and nivolumab as monotherapy or combination therapy for the treatment of patients with RCC were included in the present study, irrespective of whether the patients had received any systemic therapy, including first-line sunitinib and cytokine-containing regimen. Studies for which full text was unavailable and participants in crossover populations were excluded, and parallel group trials allocate each participant to a single intervention for comparison with one or more alternative interventions. By contrast, crossover trials allocate each participant to a sequence of interventions. It is difficult to extract suitable data from a trial allowing crossover, and the carry-over (a type of period-by-intervention interaction) effects the assessment ([@b51-ol-0-0-11094]). Additionally, studies with treatment strategies that were not compared with other drugs or which lacked data on the primary outcomes investigated in the current study were excluded.

### Search strategy

The Web of Science ([apps.webofknowledge.com](apps.webofknowledge.com)), PubMed (<https://www.ncbi.nlm.nih.gov/pubmed>), EMBASE (<https://www.embase.com>), Cochrane Library of Controlled Trials (<https://www.cochranelibrary.com>) and Clinical [trials.gov](trials.gov) (<https://clinicaltrials.gov>) were all searched for relevant publications published in the English language from inception to February 2019. Conference or seminal articles were also searched. A comprehensive search strategy was utilized, included the following terms: 'Renal cell carcinoma', 'temsirolimus', 'sunitinib', 'bevacizumab', 'sorafenib', 'pazopanib', 'everolimus', 'axitinib', 'cabozantinib', 'lenvantinib', 'dovitinib', 'nivolumab' and 'randomized controlled trial'. The full search strategy is available in the aforementioned published protocol ([@b50-ol-0-0-11094]).

### Study selection and data collection

The reference management software EndNote (version X7) ([@b52-ol-0-0-11094]) was used to identify and remove duplicate records. The abstract and title of each publication were scanned independently by two reviewers to exclude studies that did not meet the inclusion criteria, and if required, full articles were assessed according to the PRISMA statement ([@b53-ol-0-0-11094]). If discrepancies arose, another reviewer participated in this process. The following data were extracted from the selected articles: Date of publication, first author, trial ID, trial phase, number of participants, drug used and patient outcome data. In the data extracting stage, the present study aimed to contact authors in order to obtain more information, but they were unavailable. Stata (version 13) ([@b54-ol-0-0-11094]) was used to draw a network plot to present the cumulative number of trials for each comparison and the number of enrolled participants, and to decide which trials to exclude according to the aforementioned exclusion criteria.

### Outcome measures

The primary outcome of the present study was PFS, defined as the time from randomization to the first documentation of objective disease progression, or to mortality from any cause. Objective disease progression indicated a minimum 20% increase in the sum of diameters of target lesions, taking as reference the smallest value in the study, including the baseline, and an absolute increase of at least 5 mm, appearance of one or more new target or non-target lesions, or unequivocal progression of existing non-target lesions. Secondary outcomes included OS, which was defined as the time from randomization to the date of death; objective response rate (ORR; assessed according to the Response Evaluation Criteria in Solid Tumors) ([@b55-ol-0-0-11094]) and safety (graded according to the Common Terminology Criteria for Adverse Events) ([@b56-ol-0-0-11094]).

### Statistical analysis

The data analysis combined direct and indirect meta-analyses. A traditional pair-wise meta-analysis was performed to compare the same interventions. The fixed effects model was used to analyze data if the χ^2^ test and I^2^ index for testing heterogeneity among the study revealed that there was no statistically significant heterogeneity (P\>0.1; I^2^≤25%). Otherwise, a random effects model was used.

Network meta-analyses were conducted using the Bayesian Markov Chain Monte Carlo model with WinBUGS (version 14) ([@b57-ol-0-0-11094]). Each model was run for 40,000 burn-in simulations and 200,000 runs, which were then thinned every 20th simulation to decrease autocorrelation. The mean log hazard ratio (HR) and standard error for each treatment were extracted to compare PFS and OS ([@b58-ol-0-0-11094]). The total number of events was used to compare ORR and safety. By comparing the deviance information criterion (DIC) value of fixed and random effect model, the model with lowest DIC was selected, or alternatively, the fixed effect model was selected when the discrepancy was \<10 ([@b59-ol-0-0-11094]). If direct and indirect evidence was available, consistency was checked via model extensions to estimate the validation of mixed treatment comparison.

The probability of an intervention being the optimal intervention was calculated using rank code in WinBUGS and the surface under the cumulative ranking curve (SUCRA) values of all treatments were compared for efficacy and safety. Node-splitting analyses were used to assess inconsistencies in the network meta-analysis, which assessed whether direct and indirect evidence on a specific node (the split node) were in agreement.

Results
=======

### Study characteristics

The present study identified 2,693 potentially relevant publications. After excluding 479 duplications and 2,170 reports that did not meet the eligibility criteria ([Fig. 1](#f1-ol-0-0-11094){ref-type="fig"}), 44 full articles were assessed for eligibility. A further 13 studies were excluded due to the following reasons: Having no connection to other treatments or were not the focus of the present study (including studies on the comparison of sorafenib, IFN-α2, combination of bevacizumab and IFN-α2 and the combination of erlotinib and bevacizumab), allocating each participant to a sequence of interventions, which may result in low quality conclusion and influence the result of the network meta-analysis. Overall, 31 publications covering 18 trials between 2007 and 2018 were included in the comparison meta-analysis of the present study ([Table SI](#SD1-ol-0-0-11094){ref-type="supplementary-material"}) ([@b14-ol-0-0-11094]--[@b44-ol-0-0-11094]). The 11,498 participants were randomly assigned to 16 treatment groups (including placebo, nivolumab, everolimus, lenvantinib plus everolimus, lenvantinib, cabozantinib, sunitinib, IFNα, sorafenib, axitinib, temsirolimus, pazopanib, dovitinib, bevacizumab plus IFNα, temsirolimus plus IFN-α, or temsirolimus plus bevacizumab) and were included in the multiple-treatments meta-analysis. The dashed lines in the network plot indicated all possible direct comparisons ([Fig. 2](#f2-ol-0-0-11094){ref-type="fig"}). Due to the limited number of published trials, data on a number of possible direct comparisons were not available. The solid lines represented existing evidence that was available.

### Efficacy

The result of standard pair-wise meta-analysis only revealed a significant difference in PFS (HR, 0.69; 95% CI, 0.60--0.79; P\<0.0001) and ORR (odds ratio, 2.51; 95% CI, 1.18--3.51) between axitinib and sorafenib. The HRs of PFS were pooled by the fixed effect model, as the DIC values of the fixed and random effect models were 3.868 and −4.528, respectively. The results of the primary outcome are presented in [Table I](#tI-ol-0-0-11094){ref-type="table"}. In terms of PFS, except for IFN-α (HR, 1.30; 95% CI, 0.97--1.90), bevacizumab plus IFN-α (HR, 0.96; 95% CI, 0.67--1.37) and bevacizumab plus temsirolimus (HR, 1.03; 95% CI, 0.69--1.55), all treatments were significantly different from the placebo. Multiple comparisons of the HR of OS and the occurrence rate (OR) of ORR are presented in [Tables SII](#SD1-ol-0-0-11094){ref-type="supplementary-material"} and [III](#SD1-ol-0-0-11094){ref-type="supplementary-material"}. In addition, the forest plot comparing the primary outcomes between sorafenib and other drugs is presented in [Fig. 3](#f3-ol-0-0-11094){ref-type="fig"}, as sorafenib was the first drug used as a targeted therapy in the treatment of RCC ([@b60-ol-0-0-11094]).

The probability of each treatment being ranked the highest in terms of survival, response and safety is presented in [Fig. 4](#f4-ol-0-0-11094){ref-type="fig"}. The lenvantinib and everolimus combination ranked first out of the 16 treatments in terms of PFS, OS, ORR and OR of fatigue (probability of 54.0, 53.4, 61.0 and 51.0%, respectively). Lenvantinib monotherapy ranked first for nausea and second in the fatigue OR (probability of 61 and 25%, respectively). Lenvantinib plus everolimus had the highest SUCRA value (92.3%; [Fig. 5](#f5-ol-0-0-11094){ref-type="fig"}). Consistency tests revealed there was no significant difference between the indirect and direct evidence (P\>0.35). The forest plot for comparing PFS between TKIs and drugs targeting the same target is presented in [Fig. 6](#f6-ol-0-0-11094){ref-type="fig"}. The result of network meta-analysis revealed no significant difference in PFS between TKIs and other drugs.

### Safety

Fatigue and nausea were considered as two important adverse events. Using a Bayesian meta-analysis it was observed that lenvantinib plus everolimus, cabozantinib and sunitinib had higher probability of fatigue (OR, 5.89; 95% CI, 1.07--33.90; and OR, 3.81, 95% CI, 1.24--12.92; and OR 2.06; 95% CI, 1.16--3.95, respectively) compared with the placebo, whereas the other drugs demonstrated no significant difference from the placebo and with each other. With the exception of pazopanib and sunitinib (OR, 3.34; 95% CI, 1.12--11.02 and OR, 3.41; 95% CI, 1.08--11.04, respectively), the drugs were not significantly different from placebo in the probability of nausea ([Tables SIV](#SD1-ol-0-0-11094){ref-type="supplementary-material"} and [V](#SD1-ol-0-0-11094){ref-type="supplementary-material"}). Notably, patients treated with lenvantinib were more susceptible to nausea compared with those treated with nivolumab or everolimus.

The results regarding drug safety from the probability analysis are presented in [Fig. 4](#f4-ol-0-0-11094){ref-type="fig"}. Lenvantinib plus everolimus caused greater levels of fatigue than lenvantinib monotherapy or everolimus monotherapy. Patients receiving levantinib and eovitinib were more prone to experiencing nausea.

Due to insufficient data, other adverse events were not analyzed by the Bayesian meta-analysis, and the results regarding safety that were extracted from the included publications are summarized in [Table II](#tII-ol-0-0-11094){ref-type="table"}. Cabozantinib and lenvantinib plus everolimus had the highest rate of any grade of adverse events, and grade 3 or 4 adverse events most frequently occurred in the bevacizumab plus IFN-α treatment group.

Discussion
==========

To the best of the authors\' knowledge, the present network meta-analysis was the first to provide an indirect comparison of the efficacy and safety of all existing targeted therapies (temsirolimus, sunitinib, bevacizumab, sorafenib, pazopanib, everolimus, axitinib, cabozantinib, lenvantinib, dovitinib and nivolumab) for the treatment of RCC. The present study was based on 31 publications, which included 11,498 individuals randomly assigned to 16 different targeted therapies. As the primary analysis was reliant on the Bayesian Markov Chain Monte Carlo model, the HR of PFS for targeted therapies and the probability of each treatment being most effective was assessed, and it was revealed that lenvantinib plus everolimus was ranked first in terms of PFS, OS and ORR. Lenvantinib plus everolimus was also ranked first in terms of the occurrence of fatigue. Although not every comparison had a significant outcome, the treatments were still ranked. The results of the present study revealed that the use of lenvatinib plus everolimus, lenvatinib monotherapy, cabozantinib, nivolumab and everolimus significantly extended PFS. The use of lenvatinib plus everolimus, lenvatinib monotherapy, cabozantinib, sorafenib and axitinib significantly increased OS. The use of lenvatinib plus everolimus, lenvatinib monotherapy, nivolumab, cabozantinib and pazopanib significantly improved the ORR. Previous evidence had indicated that patients with a poor prognosis benefited from the use of cabozantinib in terms of survival, whereas the use of nivolumab exhibited a greater benefit for patients with a better prognosis ([@b61-ol-0-0-11094]). The present study demonstrated that there was no significant difference between nivolumab and cabozantinib use in PFS, OS and ORR. Inconsistencies arose when the two drugs were analyzed in one network, which was influenced by numerous factors, including the extent of heterogeneity in indirect comparison that was significantly associated with the inconsistency ([@b62-ol-0-0-11094]). The present analysis suggested that lenvantinib plus everolimus may be considered superior to other drugs. Axitinib and sorafenib differed significantly in both the network meta-analysis and pair-wise meta-analysis. This was consistent with the results of the direct comparison, in which axitinib was more beneficial than sorafenib.

The strength of the analysis in the present study rests on its transparent design. The analysis was conducted according to a predesigned and published protocol ([@b50-ol-0-0-11094]), and all predefined research questions were answered. A traditional standard meta-analysis is based on evidence from direct comparisons, the results from which may help to improve the health policy and reduce the risk of mortality, however it could not analyze more than two interventions at once or select the best option ([@b47-ol-0-0-11094]). In the present study, the therapies were ranked based on the Bayesian network meta-analysis. To the best of the authors\' knowledge, there are currently limited published data comparing all available targeted drugs for RCC. A similar network meta-analysis published by He *et al* ([@b63-ol-0-0-11094]) in 2017 ranked single-drug targeted therapies in terms of response while Rousseau *et al* ([@b64-ol-0-0-11094]) assessed the efficacy of antiangiogenic agents for metastatic RCC. The present study focused on PFS and included an analysis of the combination of targeted therapies, which makes the present study relevant in the clinical setting and provides improved transitivity.

Although IFN-α does not belong to the targeted therapy or immunotherapy treatment types, it was still included in the network meta-analysis, as it is indispensable as a link between sunitinib, temsirolimus, temsirolimus plus IFN-α and bevacizumab plus IFN-α. A total of 13 publications were excluded after reading the full-text as they may have influenced the transitivity of the results.

The present study revealed that a combination of lenvatinib plus everolimus was ranked first in terms of PFS, OS and ORR and that nivolumab may be used in patients with moderate disease, as this group exhibited fewer adverse events. Therefore, these results may aid in the selection of therapeutic drugs for patients with RCC.
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![Flow chart of the study selection process. After study selection, 31 studies were included in the network meta-analysis.](ol-19-01-0261-g00){#f1-ol-0-0-11094}

![Networks of treatment comparisons for primary outcomes of 16 treatments in patients with RCC. Every node represents a treatment for RCC. The width of the lines represents the cumulative number of trials of each comparison and the size of every node is the proportional to the patient number of enrolled. RCC, renal cell carcinoma.](ol-19-01-0261-g01){#f2-ol-0-0-11094}

![Forest plots representing the effect of targeted therapy on the PFS in renal cell carcinoma. Axitinib, cabozantinib, and nivolumab appeared to improve PFS. PFS, progression-free survival; IFN-α, interferon α; HR, hazard ratio; CI, confidence interval.](ol-19-01-0261-g02){#f3-ol-0-0-11094}

![The lenvantinib and everolimus combination ranked first out of the 16 treatments in terms of PFS, OS, ORR and occurrence rate of fatigue (probability of 54.0, 53.4, 61.0 and 51.0%, respectively). IFN-α, interferon α; PFS, progression-free survival; OS, overall surviaval; ORR, objective response rate.](ol-19-01-0261-g03){#f4-ol-0-0-11094}

![SUCRA curves of PFS. Each SUCRA curve represents the probability of every treatment ranking first based on the effect on PFS. The lenvantinib and everolimus combination ranked first out of the 16 treatments (probability of 92.3%). SUCRA, surface under the cumulative ranking; PFS, progression-free survival; IFN-α, interferon α.](ol-19-01-0261-g04){#f5-ol-0-0-11094}

![Comparison of progression-free survival between drugs acting on the same target. The result of network meta-analysis revealed no significant difference in PFS between TKIs and other drugs. PFS, progression-free survival; TKIs, tyrosine kinase inhibitors; IFN-α, interferon α; PD-1, programmed death 1; mTOR, mammalian target of rapamycin; HR, hazard ratio; CI, confidence interval.](ol-19-01-0261-g05){#f6-ol-0-0-11094}

###### 

Result of the network meta-analysis comparing the effect \[hazard ratio (95% confidence interval)\] of immunotherapy and targeted therapies on the progression-free survival in renal cell carcinoma.

  Treatment       Placebo   Nivolumab     Everolimus    Lenvantinib + Everolimus   Lenvantinib   Cabozantinib   Sunitinib      IFN-α          Sorafenib      Axitinib      Temsi-rolimus   Pazopanib      Dovitinib      Bevacizumab+IFN-α   Temsi-rolimus+Bevacizumab
  --------------- --------- ------------- ------------- -------------------------- ------------- -------------- -------------- -------------- -------------- ------------- --------------- -------------- -------------- ------------------- ---------------------------
  Placebo         --        0.33          0.38          0.18                       0.26          0.26           0.56           1.3            0.53           0.36          0.46            0.56           0.46           0.96                1.03
                            (0.25,0.45)   (0.29,0.48)   (0.05,0.67)                (0.11,0.63)   (0.20,0.35)    (0.46,0.67)    (0.97,1.9)     (0.38,0.73)    (0.25,0.52)   (0.31,0.68)     (0.45,0.68)    (0.31,0.66)    (0.67,1.37)         (0.69,1.55)
  Nivolumab                 --            1.14          0.53                       0.80          0.79           1.70           4.06           1.60           1.10          1.39            1.68           1.38           2.89                3.13
                                          (0.97,1.33)   (0.14,2.00)                (0.34,1.86)   (0.60,1.04)    (1.23,2.33)    (2.68,6.15)    (1.05,2.42)    (0.71,1.70)   (0.87,2.21)     (1.20,2.35)    (0.88,2.17)    (1.86,4.50)         (1.94,5.05)
  Everolimus                              --            0.46                       0.70          0.59           0.92           2.20           0.87           0.59          0.75            0.83           0.75           1.57                1.70
                                                        (0.124,1.72)               (0.30,1.61)   (0.47,0.73)    (0.73,1.14)    (1.56,3.10)    (0.61,1.22)    (0.41,0.86)   (0.51,1.13)     (0.66,1.03)    (0.51,1.11)    (1.08,2.28)         (1.11,2.58)
  Lenvantinib                                           --                         1.51          1.48           3.18           7.66           3.00           2.06          2.62            3.16           2.60           5.44                5.89
  +Everolimus                                                                      (0.75,3.06)   (0.40,5.69)    (0.84,12.41)   (1.97,30.68)   (0.78,12.09)   (0.53,8.31)   (0.67,10.65)    (0.84,12.41)   (0.66,10.56)   (1.39,21.98)        (1.49,23.99)
  Lenvantinib                                                                      --            0.99           2.11           5.09           2              1.38          1.74            2.10           1.73           3.62                3.92
                                                                                                 (0.42,2.33)    (0.88,5.09)    (2.04,12.74)   (0.80,5.00)    (0.54,3.48)   (0.68,4.46)     (0.87,5.12)    (0.68,4.41)    (1.44,9.20)         (1.53,10.13)
  Cabozantinib                                                                                   --             2.15           5.17           2.03           1.40          1.77            2.14           1.76           3.68                3.98
                                                                                                                (1.62,2.84)    (3.52,7.58)    (1.38,2.98)    (0.92,2.10)   (1.14,2.74)     (1.58,2.90)    (1.15,2.69)    (2.42,5.55)         (2.52,6.26)
  Sunitinib                                                                                                     --             2.40           0.95           0.65          0.83            1.00           0.82           1.71                1.85
                                                                                                                               (1.85,3.13)    (0.73,1.23)    (0.48,0.88)   (0.59,1.15)     (0.87,1.15)    (0.59,1.13)    (1.26,2.32)         (1.30,2.64)
  IFN-α                                                                                                                        --             0.39           0.27          0.34            0.41           0.34           0.71                0.77
                                                                                                                                              (0.27,0.57)    (0.18,0.40)   (0.22,0.52)     (0.31,0.56)    (0.22,0.52)    (0.61,0.83)         (0.61,0.98)
  Sorafenib                                                                                                                                   --             0.69          0.87            1.05           0.87           1.81                1.96
                                                                                                                                                             (0.60,0.79)   (0.71,1.07)     (0.78,1.42)    (0.72,1.04)    (1.21,2.71)         (1.25,3.05)
  Axitinib                                                                                                                                                   --            1.27            1.53           1.26           2.63                2.85
                                                                                                                                                                           (0.99,1.62)     (1.1,2.14)     (1,1.59)       (1.72,4.03)         (1.78,4.54)
  Temsirolimus                                                                                                                                                             --              1.21           0.99           2.08                2.25
                                                                                                                                                                                           (0.84,1.74)    (0.75,1.31)    (1.32,3.27)         (1.38,3.66)
  Pazopanib                                                                                                                                                                                --             0.82           1.72                1.86
                                                                                                                                                                                                          (0.58,1.17)    (1.23,2.39)         (1.27,2.72)
  Dovitinib                                                                                                                                                                                               --             2.09                2.26
                                                                                                                                                                                                                         (1.34,3.26)         (1.40,3.65)
  Bevacizumab +                                                                                                                                                                                                          --                  1.08
  IFN-α                                                                                                                                                                                                                                      (0.90,1.30)
  Temsirolimus+                                                                                                                                                                                                                              --
  Bevacizumab                                                                                                                                                                                                                                

IFN-α, interferon α.

###### 

Most common adverse events in each treatment group and their occurrence rate.

  Treatment                  Most common adverse event   Any grade (%)   Grades 3 or 4 (%)
  -------------------------- --------------------------- --------------- -------------------
  Nivolumab                  Fatigue                     33              2
  Everolimus                 Fatigue                     20--46          2--7
                             Stomatitis                  24--42          2--4
  Cabozantinib               Fatigue                     56-85.9         6.4--9
                             Diarrhea                    71--74          10.3--11
  Lenvatinib+Everolimus      Diarrhoea                   85              20
  Lenvatinib                 Proteinuria                 31              19
                             Diarrhoea                   72              12
  Sunitinib                  Fatigue                     13.6--81.9      2--18
                             Hypertension                6.4--68.1       2--22
                             Diarrhea                    14.1--56.9      1--11
  Sorafenib                  Hand-foot syndrome          39-56.5         7.2--33
                             Diarrhoea                   30.4--63        1.4--9
                             Hypertension                28-36.3         1--17
  Axitinib                   Hypertension                42-49.6         14-19.3
                             Diarrhoea                   34.1--54        3--11
  Bevacizumab+IFN-α          Fatigue                     --              37
                             Proteinuria                 27              13--15
                             Pyrexia                     39              3
  IFN-α                      Fatigue                     32              13--30
  Temsirolimus               Fatigue                     24.5--40        5.3--6
                             Anemia                      21.6--34        9-9.6
                             Rash                        22.6--42        2--3
  Temsirolimus+IFN-α         Fatigue                     29.80           13.50
                             Anemia                      29.30           18.30
  Temsirolimus+Bevacizumab   Proteinuria                 36              16
  Pazopanib                  Fatigue                     19--55          2--10
                             Diarrhea                    52              3
                             Hypertension                40              4
  Dovitinib                  Hypertriglyceridaemia       20              14
                             Fatigue                     41              10
                             Diarrhea                    68              7
